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BASEBAND SIGNAL CONVERTER FOR A 
WIDEBAND IMPULSE RADIO RECEIVER 

BACKGROUND OF THE INVENTION 

The present invention relates generally to radio receivers 
adapted to receive and process Wideband impulse radio 
signals. More particularly, this invention pertains to devices 
and circuits for accurately converting in an impulse radio 
receiver a series of time-modulated radio pulses into a 
baseband signal. 

There is a continuing need for the development of 
advanced Wireless devices for communications of voice and 
data, for materials measurement, navigation, environmental 
sensing, radar, security and numerous other civilian and 
military applications of radio technology. Improvements are 
needed in the underlying technology to provide greater 
reliability, greater accuracy, loWer poWer consumption, 
loWer cost, reduced siZe, and ef?cient use of the limited 
available spectrum. Conventional narroW band AM, FM, 
CDMA, TDMA and similar Wireless communications meth 
ods and systems have not fully met these needs. 

HoWever, there is an emerging technology called Impulse 
Radio (including Impulse Radar) (“IR”) that offers many 
potential advantages in addressing these needs. Impulse 
radio Was ?rst fully described in a series of patents including 
US. Pat. No. 4,641,317 (issued Feb. 3, 1987), Us. Pat. No. 
4,813,057 (issued Mar. 14, 1989), US. Pat. No. 4,979,186 
(issued Dec. 18, 1990) and Us. Pat. No. 5,303,108 (issued 
Nov. 8, 1994), all invented by Larry W. Fullerton and 
assigned to Time Domain Corporation. The disclosure of 
each of these patents is incorporated in this patent speci? 
cation by reference. 

Impulse radio systems are generally characteriZed by their 
transmission of short duration broad band pulses on a 
relatively loW duty cycle. In some systems these pulses may 
approach a Gaussian monocycle, Where the instantaneous 
pulse bandWidth is on the order of the center frequency. The 
short pulse, loW duty cycle mechanism produces a process 
ing gain that may be utiliZed for interference rejection and 
channeliZation. Because of the extremely Wide instanta 
neous bandWidth of the pulse, the available processing gain 
far exceeds What is achieved using typical conventional 
spread spectrum methods. This enables the utiliZation of 
many more channels at higher dynamic ranges and higher 
data rates than are available in the typical conventional 
spread spectrum system. 

Impulse radio systems have further advantages in the 
resistance to multipath effect. Because impulse radio signals 
are divided in time rather than in frequency, time related 
effects, such as multipath interference, can be separated, 
resulting in loWer average poWer and higher reliability for a 
given poWer level. 

Impulse radio techniques are also useful in radar systems. 
Impulse radar systems enjoy the combined advantages of 
very short pulses at relatively loW frequencies. The short 
pulses result in high resolution and the loW frequency gives 
relatively high material penetration. If a radar system used 
a pulse of equivalent bandWidth at a higher carrier 
frequency, the material penetration properties Would usually 
be impaired. This combined advantage enables IR to be used 
for ground penetrating radar for inspection of bridges, roads, 
runWays, utilities and the like, and security applications, and 
to “see” through Walls radar for emergency management 
situations. 

Existing IR receivers typically use mixer or sampling 
technology Which is large in siZe, inef?cient in poWer 
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2 
consumption and Which is dif?cult to reproduce in a manu 
facturing environment. This results in a high cost to the user. 
Improvements are thus needed in converter technology to 
reduce siZe, Weight, poWer consumption and cost and to 
improve the manufacturing yield and reliability of these 
systems. 

Impulse radio systems are not limited to transmitting and 
receiving Gaussian monocycle pulses. HoWever, some basic 
impulse radio transmitters attempt to emit short Gaussian 
monocycle pulses having a tightly controlled average pulse 
to-pulse interval. A Gaussian monocycle is the ?rst deriva 
tive of the Gaussian function. HoWever, in a real World 
environment, a perfect Gaussian pulse is not achievable. In 
the frequency domain, this results in a slight reduction in the 
signal bandWidth. The signals transmitted by an IR 
transmitter, including Gaussian monocycles, signals having 
multiple cycles in a Gaussian envelope, and their real World 
variations, are sometimes called impulses. 

The Gaussian monocycle Waveform is naturally a Wide 
bandWidth signal, With the center frequency and the band 
Width dependent on the Width of the pulse. The bandWidth 
is approximately 160% of the center frequency. In practice, 
the center frequency of a monocycle pulse is approximately 
the reciprocal of its length, and its bandWidth is approxi 
mately equal to 1.6 times the center frequency. HoWever, 
impulse radio systems can be implemented Where the trans 
mitted and/or received signals have Waveforms other than an 
ideal Gaussian monocycle. 
Most prior art Wireless communications systems use some 

variation of amplitude modulation (AM) or frequency 
modulation (FM) to communicate voice or data With a radio 
carrier signal. HoWever, impulse radio systems can commu 
nicate information using a novel technique knoWn as pulse 
position modulation. Pulse position modulation is a form of 
time modulation in Which the value of each instantaneous 
value or sample of a modulating signal (e.g., a voice or data 
signal) is caused to change or modulate the position in time 
of a pulse. In the frequency domain, pulse position modu 
lation distributes the energy over more frequencies. 

In some impulse radio communications, the time position 
(pulse-to-pulse interval) is preferably varied on a pulse-by 
pulse basis by tWo separate components: an information 
component and a pseudo-random code component. Prior art 
spread spectrum radio systems make use of pseudo-random 
codes to spread a narroW band information signal over a 
relatively Wide band of frequencies. A spread spectrum 
receiver then correlates these signals to retrieve the original 
information signal. Unlike conventional spread spectrum 
systems, impulse radio systems do not need the pseudo 
random code for energy spreading. In some applications, 
impulse radio transmitters can use pulse Widths of betWeen 
20 and 0.1 nanoseconds (ns) and pulse-to-pulse intervals of 
betWeen 2 and 5000 ns. These narroW monocycle pulses 
have an inherently Wide information bandWidth. (The infor 
mation bandWidth, also referred to simply as the 
“bandwidth”, is the range of frequencies in Which one or 
more characteristics of communications performance fall 
Within speci?ed limits.) Thus, in some impulse radio 
systems, the pseudo-random (PN) code component is used 
for different purposes: channeliZation; energy smoothing in 
the frequency domain; and interference resistance. Channel 
iZation is a procedure employed to divide a communications 
path into a number of channels. In a system that does not use 
a coding component, differentiating betWeen separate trans 
mitters Would be dif?cult. PN codes create channels, if there 
is loW correlation and/or interference among the codes being 
used. If there Were a large number of impulse radio users 
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Within a con?ned area, there might be mutual interference. 
Further, While the use of the PN coding minimizes that 
interference, as the number of users rises the probability of 
an individual pulse from one user’s sequence being received 
simultaneously With a pulse from another user’s sequence 
increases. Fortunately, impulse radio systems can be 
designed so that they do not depend on receiving every 
pulse. In such systems, the impulse radio receiver can 
perform a correlating, synchronous receiving function (at 
the RF level) that uses a statistical sampling of many pulses 
to recover the transmitted information. Advanced impulse 
radio systems may utiliZe multiple pulses to transmit each 
data bit of information, and each pulse may be dithered in 
time to further smooth the spectrum to reduce interference 
and improve channeliZation. These systems may also 
include a sub-carrier for improved interference resistance 
and implementation advantages. In other embodiments of an 
impulse radio system, hoWever, each “bit” of transmitted 
information can be represented by a single pulse, With no 
coding component. 

Energy smoothing in the frequency domain insures that 
impulse radio transmissions interfere minimally With con 
ventional radio systems. In some impulse radio systems, 
optimal energy smoothing is obtained by applying to each 
pulse a PN code component dither having a much larger 
magnitude than the information component dither. 

Besides channeliZation and energy smoothing, the PN 
coding can also makes impulse radio highly resistant to 
interference from all radio communications systems, includ 
ing from other impulse radio transmitters. This is critical, as 
any other signals Within the band occupied by an impulse 
signal can act as interference to the impulse radio. Because 
there are no unallocated bands at or above 1 GHZ available 
for impulse radio systems, they must share spectrum With 
other conventional and impulse radios Without being 
adversely affected. Using a PN code can help impulse 
systems discriminate betWeen the intended impulse trans 
mission and transmissions from others. 

In many IR systems, the impulse radio receiver is a direct 
conversion receiver With a single conversion stage that 
coherently converts a series of pulses into a baseband signal. 
The baseband signal is the information channel for the basic 
impulse radio communications system. In such systems, 
pulse trains, not single pulses, are used for communications. 
Accordingly, the impulse radio transmitter in such systems 
generates a train of pulses for each bit of information. The 
data rate of such an impulse radio transmission is only a 
fraction of the periodic timing signal used as a time base. 
Each data bit modulates the time position of many of the 
pulses of the periodic timing signal. This yields a modulated, 
coded timing signal that comprises a train of identical pulses 
for each single data bit. Some impulse radio receivers 
typically integrate 200 or more pulses to yield the baseband 
output. Other systems use a “one pulse per bit” information 
transmission scheme. The number of pulses over Which the 
receiver integrates is dependent on a number of variables, 
including pulse rate, bit rate, interference levels, and range. 
A block diagram of one embodiment of a basic impulse 

radio receiver 100 is shoWn in FIG. 7. The receiver 100 
includes a receive antenna 56 for receiving a propagated 
impulse radio signal 101. The received signal is sent to a 
baseband signal converter 10 via a receiver transmission line 
102, coupled to the receive antenna 56. 
The receiver 100 also includes a decode timing 

modulator/decode source 55 and an adjustable time base 57. 
The adjustable time base 57 can be a voltage-controlled 
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4 
oscillator or, as shoWn, a variable delay generator 52 
coupled to the output of a time base 51. The decode timing 
modulator/decode source 55 generates a primary timing 
pulse (decode signal 103) corresponding to the PN code 
used by the associated impulse radio transmitter (not shoWn) 
that transmitted the propagated signal 101. The adjustable 
time base 57 generates a periodic timing signal having a 
train of template signal pulses With Waveforms substantially 
equivalent to each pulse of the received signal 101. 
The baseband signal conversion process performed by the 

converter 10 includes a cross-correlation operation of the 
received signal 101 With the decode signal 103. Integration 
over time of the cross-correlated received signal generates a 
baseband signal 104. The baseband signal 104 is then 
demodulated by a demodulator 50 to yield a demodulated 
information signal 105. The demodulated information signal 
105 is substantially identical to the information signal of the 
transmitter that sent the received signal 101. 

The baseband signal 104 is also coupled to a loW pass 
?lter 53. The loW pass ?lter 53 generates an error signal 106 
for an acquisition and lock controller 54 to provide minor 
timing adjustments to the adjustable time base 57. 
As noted above, the circuit or device in an impulse radio 

receiver that converts the received impulses into a baseband 
signal is sometimes referred to as a cross-correlator or 
sampler. The baseband signal converter of an impulse radio 
receiver integrates one or more pulses to recover the base 
band signal that contains the transmitted information. One 
embodiment of a cross-correlator device usable in an 
impulse radio receiver is described in US. Pat. No. 5,677, 
927, issued Oct. 14, 1997, and assigned to Time Domain 
Corporation. The disclosure of the ’927 Patent is incorpo 
rated in this speci?cation by reference. 

Unfortunately, prior art baseband signal converter devices 
and circuits have not been entirely satisfactory or are subject 
to inherent performance limitations. In general, such con 
verter devices have been constructed from discrete elec 
tronic components. The de?ciencies inherent in discrete 
circuit designs include high poWer consumption, excessive 
device siZe, and a need for careful matching and/or “?ne 
tuning” of component values and/or operational parameters 
to produce accurate and consistent performance. For 
example, the converter circuit described in FIG. 2a of US. 
Pat. No. 4,979,186 uses a sampling bridge requiring four 
diodes that must be carefully matched in performance char 
acteristics. Similarly, the converter circuit design shoWn in 
FIG. 3 of the ’186 patent can produce a performance 
degrading signal offset that varies over time and tempera 
ture. Moreover, the use of discrete electronic components in 
the converter device places undesirable limits on the sWitch 
ing speeds of the active components used in the circuits, 
making it more difficult to perform the signal conversion 
process using very short sample times. 
A further issue that has not been satisfactorily addressed 

by prior art baseband signal converter designs is ?exibility 
in application. Some important impulse radio applications 
can be enabled or enhanced by concurrently operating 
multiple baseband converter circuits in a single receiver. 
Scanning and rake receivers are examples of impulse radio 
applications Where the use of tWo or more baseband signal 
converters in a single receiver Would be highly desirable. 
Unfortunately, a baseband signal converter device that inte 
grates multiple converter circuits in a single, loW pro?le 
package has not been available in the prior art. 
What is needed, then, is loW pro?le, loW poWer integrated 

circuit device containing one or more circuits that can 
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convert time-modulated radio pulses into a baseband signal, 
and that is capable of executing the conversion process 
accurately and consistently over time and temperature using 
a short sample period. SUMMARY OF THE INVENTION 

In accordance With one object of the invention, a base 
band signal converter device combines three independent 
baseband converter circuits packaged into a single integrated 
circuit. The device includes an RF input coupled through a 
Wideband variable gain ampli?er to corresponding RF signal 
inputs on each separate signal converter circuit. Separate 
timing pulse inputs and baseband signal outputs are pro 
vided external to the device, for each converter circuit. The 
variable gain ampli?er has an auxiliary signal output 
coupled to a poWer detector to provide automatic gain 
control to the RF ampli?er. 

Each converter circuit in the device includes an integrator 
circuit coupled to the RF signal input and a pulse generator 
coupled to the timing pulse input. The pulse generator 
provides a sampling pulse to the integrator to control the 
period during Which the integrator integrates each pulse in 
the RF input signal. The output of the integrator is coupled 
through a buffer ampli?er to a track and hold circuit. Atrack 
and hold signal from a track and hold control circuit in the 
converter device circuit alloWs the track and hold circuit to 
track and stabiliZe the output of the integrator. The output of 
the track and hold circuit provides a baseband signal output 
that is usable by a conventional impulse radio demodulator 
Within an impulse radio receiver. 

The integrator circuit includes an integrator capacitor 
connected to a resistive load through a pair of Schottky 
diodes. Acurrent source and current steering logic steers the 
current betWeen the load and integrator capacitor and a 
separate constant bias circuit depending on Whether a sam 
pling pulse is present. In addition, a current equaliZer circuit 
monitors the voltage across the load resistor so that an 
average Zero voltage is maintained across the integrator 
capacitor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of the baseband signal converter 
device of this invention, shoWing multiple converter circuits 
arranged for single or concurrent operation in a single 
integrated circuit. 

FIG. 2 is a block diagram of one of the converter circuits 
as used and shoWn in the device of FIG. 1. 

FIG. 3 is a block diagram of the signal integrator circuit 
used in the converter circuit of FIG. 2. 

FIG. 4 is a schematic diagram of a ?rst portion of a 
preferred embodiment of the signal integrator circuit of FIG. 
3. 

FIG. 5 is a schematic diagram of a second portion of the 
preferred embodiment of the signal integrator circuit of FIG. 
3, shoWing the current s equaliZer circuit. 

FIG. 6 is a timing diagram shoWing the relationship 
betWeen the RF pulses, timing signals, and baseband output 
signals as used and generated in the converter circuit of FIG. 
2. 

FIG. 7 is a block diagram of one embodiment of a 
Wideband impulse radio receiver for converting time 
modulated RF pulses into baseband signals. 

FIG. 8 is a plan vieW of the mechanical package and pin 
connections for the integrated circuit device of FIG. 1. 
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6 
DESCRIPTION OF THE PREFERRED 

EMBODIMENTS 
Baseband Converter Device OvervieW 
A block diagram of one embodiment of the baseband 

converter device of the present invention is shoWn in FIG. 
1. Preferably, the converter device 10 is manufactured as an 
application speci?c integrated circuit (ASIC) in Which the 
various device circuits are fabricated Within a single inte 
grated circuit device package 12. In the embodiment of FIG. 
1, the device 10 includes three separate baseband converter 
circuits 11. Each converter circuit 11 has an RF signal input 
15, a timing pulse input 14, and a baseband signal output 16. 
The RF signal inputs 15 for each converter circuit 11 are 
internally connected in parallel to the output 33 of a 
broadband, variable gain RF ampli?er 13. The input of 
ampli?er 13 is connected to device RF input 17 external to 
the device package 12 so that the device RF input 17 can be 
electrically coupled to an antenna 56 as part of an impulse 
radio receiver 100 (FIG. 7). Similarly, each timing pulse 
input 14 and baseband signal output 16 de?nes a connection 
point external to device package 12 so that the individual 
converter circuits 11 can be controlled by separate timing 
signals to generate separate baseband signals. 

Preferably, the ampli?er 13 Will have an auxiliary output 
34 connected to the input of a poWer detector 18. The signal 
produced by ampli?er 13 at auxiliary output 34 is a recti?ed, 
loW frequency auxiliary signal having electrical character 
istics that correspond to variations in the poWer level of the 
signals at RF input 17. The poWer detector 18 uses this 
auxiliary signal to generate a poWer level signal at an 
external terminal 19. The poWer level signal at terminal 19 
can be used by an external signal processor (not shoWn) to 
determine if the ampli?er 13 is overloaded and, if so, to 
calculate and generate a gain adjust signal at gain adjust 
input 7. This insures that device ampli?er 13 alWays oper 
ates to provide signals at RF signal inputs 15 that are Within 
the operating range of converter circuits 11. In one embodi 
ment of the device 10, the ampli?er 13 Will have a gain that 
is adjustable from 0 db to 30 db for Wideband impulse radio 
signals betWeen 1—4 GHZ, having a magnitude of —10 dbm 
or loWer. In addition, the ampli?er 13 should be non 
dispersive to pulses With a noise ?gure of 15 dB or less. 

Although the general techniques used to manufacture the 
device 10 as an ASIC are Well knoWn in the art, the device 
circuits Will preferably be fabricated using a silicon germa 
nium process. This Will enhance the ability of the transistors 
and other sWitching components Within converter circuits 11 
to process very short monocycle RF pulses, using timing 
pulses of 300 ps or less. 
Converter Circuit OvervieW FIG. 2 is a block diagram 
shoWing the internal sub-systems of a preferred embodiment 
of the converter circuit 11. The RF signal input 15 is 
electrically connected to input 28 of an integrator circuit 23 
to provide a differential RF input signal Vinp, Vin”. The 
converter circuit 11 also includes a track/hold control 20, a 
pulse generator 21, and a reset control 22, each having 
timing inputs connected in parallel to corresponding timing 
pulse input 14. This alloWs track/hold control 20, pulse 
generator 21, and reset control 22 to function in response to 
a primary timing pulse (PG on FIG. 6) at timing pulse input 
14. 

In response to the primary timing pulse PG at input 14, the 
pulse generator 21 generates a sampling pulse as a differ 
ential signal VTRP, VTR” at input 29 of integrator circuit 23. 
An external pulse Width control input (FIG. 2) can be used 
to adjust the Width of the sampling pulse to set the duration 
of the sampling and non-sampling periods. Using the novel 
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methods described below, the integrator circuit 23 responds 
to the sampling pulse VTRP, VTR” and integrates the RF input 
signal Vinp, Vin” to provide a differential integrator output 
signal Vamp, Voum, at integrator output 27. The integrator 
output 27 is coupled to signal input 33 of track/hold circuit 
26 through a buffer ampli?er 25. The output of track/hold 
control 20 is connected to control input 32 of track/hold 
circuit 26. Track/hold circuit 26, as Will be described beloW, 
generates a baseband output signal at baseband signal output 
16, in response to the integrator output signal Vamp, Voum 
and to a track and hold control signal at control input 32. 
Integrator Circuit 

Additional detail describing integrator circuit 23 is pro 
vided in block diagram form in FIG. 3, and in the electrical 
schematics of FIGS. 4 and 5. The differential RF input signal 
Vinp, Vin” is provided to the bases of a differential transistor 
pair Q1, Q2 that forms, along With corresponding emitter 
resistors R3 and R4, the RF signal input stage 47. The 
collectors of transistors Q1, Q2 are electrically connected to 
integrator capacitor C1 through a pair of Schottky diodes D1 
and D2. A load 48, comprising load resistors R1 and R2, is 
connected across the integrator capacitor C1, again through 
diodes D1 and D2. The load resistors R1 and R2 are also 
connected to a 5 VDC supply voltage VCC and to a current 
equaliZer circuit 40 (FIG. 5) at a current equaliZer differen 
tial signal input (see signal Cm, Cep on FIGS. 4 and 5). 
A ?rst current assist circuit 41, comprising differential 

transistor pair Q7, Q8, transistor Q14 and emitter resistor 
R9, is connected across diode D1. Similarly, a second 
current assist circuit 42, comprising differential transistor 
pair Q9, Q10, transistor Q12, and emitter resistor RB1, is 
connected across diode D2. Transistors Q14 and Q12 (With 
emitter resistors R9 and R11) are driven by a constant base 
voltage Vcs2 to act as current sources for current assist 
circuits 41, 42 respectively. Current assist circuits 41 and 42 
function to sWitch the diodes D1 and D2 from a loW 
impedance state to a high impedance state, as described 
beloW. 

The sampling pulse VTRP, VTR” (provided at input 29 of 
integrator circuit 23) is coupled to the bases of differential 
transistor pair Q5, Q6 Which form sampling pulse input 
circuit 46. The emitters of transistors Q5 and Q6 are con 
nected to the collector of transistor Q11. Because the base of 
transistor Q11 is driven by a constant bias voltage Vcs, Q11 
forms, in conjunction With resistor R10, a current source 43. 
A constant bias circuit 45, comprising transistor pair Q3, 

Q4, and corresponding emitter resistors R5 and R6, is 
connected across integrator capacitor C1, again through 
diodes D1 and D2, respectively. The bases of transistors Q3 
and Q4 are connected to a common bias voltage. In con 
junction With current source 43 and sampling pulse input 
circuit 46, constant bias circuit 45 causes current to How 
through the load 48 even When the sampling pulse VTRP is 
loW (non-sampling period), or When there is no RF pulse 
Vinp, Vin” present. In other Words, the load current sourced 
through Q11 is “steered” by this current steering logic 
during the absence of a positive sampling pulse (a non 
sampling period When VTRP is loW at the base of Q5) through 
Q3 and Q4. By steering the load current to Q3, Q4 (When 
VTR” is loW), and to D1, D2, Q8, and Q9 When VTRP is high, 
rather than simply sWitching the load current on and off, the 
unWanted “ground bounce” noise that might otherWise be 
generated Within the integrator circuit 23 is minimized. 
A pull up netWork 44, including transistor Q13 and 

resistors R7 and R8, is connected betWeen the supply 
voltage Vcc and the integrator output 27. 

The novel current equaliZer circuit 40 of this invention is 
schematically illustrated on FIG. 5. The fundamental pur 
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8 
pose of current equaliZer circuit 40 is to adjust the current 
?oW through load resistors R1 and R2 When the converter 
circuit 11 is not sampling the RF input signal Vinp, Vin” that 
is When VTRP is loW. By adjusting the current ?oW through 
the load resistors R1 and R2 during this time (no sampling 
pulse), a Zero voltage is applied across diodes D1 and D2. 
This eliminates any offset voltage that Would otherWise have 
to be corrected or compensated for. 
The Schottky diodes D1 and D2 are in a high impedance 

state When Q8 and Q9 are turned off. This isolates the 
integrator capacitor C1 from the rest of the integrator circuit 
23. When the timing pulse PG (FIG. 2) at timing pulse input 
14 is loW, the reset control 22 causes the reset circuit 24 
(FIG. 2) to discharge the integrator capacitor C1. When the 
timing pulse PG at timing pulse input 14 goes high, the reset 
control 22 is disabled. Without the isolation provided by the 
diodes D1 and D2, the voltage across capacitor C1 Would 
decay too quickly and the ability of the integrator circuit 23 
to process the narroW pulses inherent in impulse radio Would 
be degraded. As described With reference to the preferred 
embodiment, the high impedance state achieved by the 
diodes D1 and D2 must be such that the voltage across 
integrator capacitor C1 does not fall or “droop” by an 
amount that Will create an error, before the track and hold 
circuit 26 can acquire it. 
The current equaliZer signal Cm, Ce, developed across the 

load resistors R1 and R2 is coupled to the bases of transistor 
pair Q19, Q20 of current equaliZer circuit 40, through the 
loW pass ?lter formed by R19, R20, and C2. The emitters of 
transistor Q19 and Q20 are connected to the bases of 
transistor pair Q15 and Q16, respectively. The collectors of 
transistors Q15 and Q16 are connected to the supply voltage 
Vcc (through resistors R13, R14) and to the bases of 
transistor pair Q17, Q18. The collectors of transistors Q17 
and Q18 are connected directly across load resistors R1 and 
R2 (FIG. 4) respectively. The bases of transistors Q25, Q26, 
Q27, and Q28 are driven by a constant bias voltage Vcs so 
that, in combination With emitter resistors R12, R21, R22, 
and R23, they act as current sources for transistors Q19, 
Q20, and for transistor pairs Q15, Q16 and Q17, Q18. 
Transistors Q21—Q24 function as diodes to limit the collec 
tor voltage at Q25 and Q26 to a level that is less than their 
breakdoWn voltages. Therefore, transistors Q17 and Q18 can 
respond to changes in the current equaliZer signal Cm, Ce, to 
adjust and equaliZe the current through load resistors R1 and 
R2 (FIG. 4). This Will maintain a Zero average voltage across 
the integrator capacitor C1 When the integrator circuit 22 is 
not sampling the RF input signal Vinp, Vin”. 
When the integrator is sampling during the sampling 

period (VTRP is high), the current equaliZer circuit 40 has 
little effect because transistors Q5, Q8 and Q9 are turned on 
for a short period that is not signi?cant compared to the time 
constant of the loW pass ?lter formed by R19, R20, and C2 
(FIG. 5). During this sampling period, the transistor pairs 
Q7, Q8 and Q9, Q10 forWard bias the diodes D1 and D2. 
This places the diodes D1 and D2 in a loW impedance state 
such that the time constant formed by the diodes in combi 
nation With capacitor C1 is less than the sampling period. 
When the integrator circuit 23 is ?nished sampling (non 
sampling period, VTRP is loW), Q8 and Q9 (as part of current 
assist circuits 41 and 42) turn off as Q7 and Q11 turn on. This 
places the diodes D1 and D2 in a high impedance state, again 
isolating the integrator capacitor C1 from the rest of the 
integrator circuit 23. The voltage across C1 (Voutp, Voutn) 
Will then remain relatively constant, corresponding to the RF 
input signal Vm-p, Vimf, integrated over the duration of the 
sampling pulse VTRP, VTRn. Using this novel arrangement, 
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the integrator output signal Voutp, Voutn Will not be criti 
cally affected by errors created by mismatched load 
resistors, ground bounce noise, or variations in temperature 
that may alter component values in the converter circuit 11. 
Operation of the Baseband Converter Device 

Referring noW to FIGS. 1—7, the operation of the base 
band converter device 10 can be understood, With reference 
to a single RF monocycle pulse Vin (FIG. 6). Assuming that 
the converter device 10 is used in conjunction With a typical 
impulse radio receiver 100 as shoWn in FIG. 7, a periodic 
primary timing pulse PG is generated by a decode timing 
modulator/decode source 55 and coupled to timing pulse 
input 14. Typically, each primary timing pulse PG Will have 
a pulse Width of 6 ns or less. The incoming primary timing 
pulse PG triggers the pulse generator 21 to generate a 
sampling pulse VTR at input 29 of integrator circuit 23. As 
shoWn on FIG. 6, the sampling pulse VTR is delayed fol 
loWing the leading edge of primary timing pulse PG. The 
length of the delay is not critical and Will typically be 
betWeen 1 and 2 ns. HoWever, the length of the delay must 
be ?xed precisely Within a feW picoseconds. The sampling 
pulse VTR is narroW, having a ?xed Width that can range 
betWeen 180 and 300 ps, such that an appropriate segment 
of each RF input pulse Vin can be sampled and integrated. 
As described above, the length of the sampling pulse VTR 
determines the period during Which the integrator circuit 23 
is processing and integrating the RF pulses. 

Looking at FIG. 4, the sampling pulse VTR is provided as 
differential input signal VTRP, VTRn at the bases of transistor 
pairs Q7, Q8; Q5, Q6; and Q9, Q10. Therefore, When the 
sampling pulse VTR is high, Q8 is turned on, alloWing a load 
current to How through R1, D1, Q8, and Q14. Similarly, 
during the sampling period de?ned by When sampling pulse 
VTR is high, a load current Will ?oW through R2, D2, Q9, and 
Q12. If there is an RF pulse (Vinp is high) during the time 
that sampling pulse VTRP is high, both transistors Q1 and Q5 
Will be turned on. Because diodes D1 and D2 are in a loW 
impedance state at this time, a differential, non-Zero voltage 
is applied across integrator capacitor C1. At the end of the 
sampling period (VTRP is loW), transistor Q5 is turned off, 
and transistor Q6 is turned on, steering the load current 
through transistors Q3, Q4, Q6, and Q11, With diodes D1 
and D2 isolating capacitor C1. This produces an integrator 
output signal Vamp, Voum at integrator output 27 that cor 
responds to the sampled portion of the RF input pulse Vin, 
integrated during the sampling period de?ned by the sam 
pling pulse VTR. 
As described above, during the period that the integrator 

circuit 23 is not sampling (VTRP is loW), the current equaliZer 
circuit 40 is monitoring the voltages across load resistors R1 
and R2. Any change in voltage caused by unmatched resis 
tors R1 and R2, or by variations in ambient conditions, is 
compensated for by the current equaliZer circuit 40. 
As best seen on FIG. 2, the integrator output signal Vamp, 

Voum, after being ampli?ed in buffer ampli?er 25, is coupled 
to input 33 of track and hold circuit 26. In response to a track 
and hold pulse (FIG. 6) generated by track and hold control 
circuit 20, and coupled to input 32 of track and hold circuit 
26, track and hold circuit 26 “tracks” the integrator output 
Vamp, Voum of integrator circuit 23 While the track and hold 
pulse is high and holds the tracked integrator output during 
the period that the track and hold control pulse is loW. As 
shoWn in FIG. 6, the track and hold pulse, although triggered 
by the primary timing pulse PG, is delayed to begin after the 
primary timing pulse PG but before the sampling pulse VTR 
begins. The track and hold pulse must be Wide enough to 
stabiliZe the voltage across C1, Which is not changing When 
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VTRP is loW. Preferably, the track and hold pulse Will be 2—6 
ns Wide, +/—0.1 ns. The integrator output VOW , Voum signal, 
as tracked by the track and hold circuit 26, Wlll then be held 
until the next RF pulse Vin appears, Which Will ordinarily 
occur at approximate 100 ns intervals. 

In the preferred embodiment, functional blocks 20 and 26 
have been referred to and described using the phrase “track 
and hold.” HoWever, those of skill in that art Will recogniZe 
that a circuit or functional block referred to in the art as a 
“sample and hold” circuit Will function in an equivalent 
manner, in that all sample and hold circuits have some ?nite 
“aperture” time during Which the signal is being tracked. 

In an impulse radio system Where each data bit in the 
information component is represented by a single pulse, an 
impulse radio signal Will comprise a train of hundreds of 
time-modulated pulses (only one of Which is illustrated on 
FIG. 6). Therefore, the process described above Will have to 
be repeated many times Within the converter device 10 in 
order to obtain a complete baseband signal. To facilitate this, 
the reset control circuit 22 generates a reset pulse on reset 
line 80 (FIG. 2) that goes loW in response to the primary 
timing pulse PG. Essentially, except for unavoidable sWitch 
ing delays inherent in the circuitry, the reset pulse is an 
inverted version of the primary timing pulse PG. The reset 
pulse is sent to a reset circuit 24 (a FET sWitch for example) 
that is coupled to output 27 of integrator circuit 23. When the 
reset pulse goes loW, the integrator output 27 is effectively 
shorted by the reset device 24, so that the integration 
proceed can begin again With a Zero voltage across integra 
tion capacitor C1 (FIG. 3). The track and hold circuit 26 is 
conventional in design, and can simply be a FET sWitch 
connected to a capacitor, Where the FET sWitch is open 
during the hold period. 
The output of the track and hold circuit 26 thereby 

provides, at baseband output 16, a baseband output signal 
from the converter circuit 11. The baseband output signal 
can then be coupled to the input of a conventional impulse 
radio demodulator 50 (FIG. 7) Where the information com 
ponent of the impulse radio signal can then be extracted. 

The operation of the converter device 10 of this invention 
has been described With only one converter circuit 11 being 
used by an impulse radio receiver, having the con?guration 
represented by FIG. 7. HoWever, the converter device 10 can 
be used in other receiver con?gurations (including radar 
systems) and for that purpose has been provided, as shoWn 
in FIG. 1, With three converter circuits 11 that can function 
independently. For example, an impulse radio scanning 
receiver Would bene?t from using tWo converter circuits 11 
concurrently to look for multiple transmissions having dif 
ferent PN code components (that is, signals transmitted on 
different “channels”). To improve the rejection of unWanted 
multi-path signal interference, a rake receiver could use tWo 
or more converter circuits as Well. 

The application of the novel converter device of this 
invention has been described in one embodiment of a 
Wideband impulse radio system in Which the impulse Wave 
form (Vin) is shoWn on FIG. 2 as an idealiZed Gaussian 
monocycle. Due to system and component limitations, or for 
other design reasons, the actual Waveform shoWn on FIG. 2 
may be not be a true monocycle pulse. Persons of ordinary 
skill in the art Will recogniZe that impulse radio systems are 
not limited to any particular impulse shape or characteristic. 
The converter device of this invention can be used in 
impulse radio systems Where the RF impulses being con 
verted are not monocycles and/or do not have a Gaussian 
Wave shape, Where the impulses are transmitted at different 
frequencies and bandWidths, and With or Without coding 
components being applied to the signal. 
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Thus, although there have been described particular 
embodiments of the present invention of a neW and useful 
Baseband Signal Converter for a Wideband Irnpulse Radio 
Receiver, it is not intended that such references be construed 
as lirnitations upon the scope of this invention eXcept as set 
forth in the following claims. Also, although certain ernbodi 
rnents of the invention have been described in combination 
With speci?ed functional and operational pararneters, these 
parameters are provided for illustrative purposes only and 
are not deemed limitations on the scope of the invention. 
What is claimed is: 
1. A device for converting RF pulses received by a 

Wideband irnpulse radio receiver into one or more baseband 
signals, the device comprising: 

a. an RF input for receiving the RF pulses; 
b. rnultiple tirning inputs for receiving separate tirning 

signals; 
c. rnultiple converter circuits, the converter circuits each 

having a signal input electrically coupled in parallel to 
the RF input; 

d. each converter circuit having a second input electrically 
coupled to one of the timing inputs such that each 
converter circuit can receive one of the separate tirning 
signals; 

e. each converter circuit having a baseband signal output; 
f. the device is packaged as a single integrated circuit in 
Which the converter circuits are arranged on a common 
substrate for single or concurrent operation; 

g. Wherein each converter circuit includes a signal inte 
grator that is responsive to one of the separate tirning 
signals and that integrates the RF pulses to provide a 
converter output signal coupled to a corresponding one 
of the baseband signal outputs; and 

h. Wherein each signal integrator comprises a capacitor 
having ?rst and second capacitor terrninals electrically 
connected to the signal input, and Wherein the RF 
pulses are provided to the signal integrator as a differ 
ential signal applied across the ?rst and second capaci 
tor terminals. 

2. The device of claim 1, each signal integrator further 
comprising a ?rst resistive load electrically coupled to the 
?rst capacitor terminal and a second resistive load electri 
cally coupled to the second capacitor terminal. 

3. The device of claim 2 Wherein the differential signal is 
generated by a primary current source operable to charge 
and discharge the capacitor through the ?rst and second 
resistive loads in response to reception of the RF pulses and 
in response to the timing pulses, and the signal integrator 
further comprises a current equaliZer operable to equaliZe 
average current ?oW through the ?rst and second resistive 
loads. 

4. The device of claim 3 Wherein each signal integrator 
further comprises a ?rst diode connected in series betWeen 
the ?rst resistive load and the ?rst capacitor terminal and a 
second diode connected in series betWeen the second resis 
tive load and the second capacitor terminal. 

5. The device of claim 4 Wherein the ?rst and second 
diodes are Schottky diodes. 

6. The device of claim 5, each signal integrator further 
comprising a ?rst auxiliary current source electrically con 
nected to the ?rst capacitor terminal and a second auXiliary 
current source electrically connected to the second capacitor 
terminal. 

7. The device of claim 6 Wherein the primary current 
source includes current steering logic operable to steer load 
current through the load resistors such that the load current 
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passes continuously through the ?rst and second load resis 
tors but passes through the ?rst and second diodes only When 
a sampling pulse is applied to the signal integrator. 

8. The device of claim 5 Wherein each converter circuit 
further comprises: 

a. a track and hold control circuit electrically connected to 
the timing input and responsive to the timing signals to 
generate track and hold tirning pulses; and 

b. a track and hold circuit operably connected to the track 
and hold control circuit responsive to the track and hold 
tirning pulses and to a value of the converter output 
signal to track the value of the converter output signal 
for a tracking period and to hold the value of the 
converter output signal for hold period that eXceeds the 
tracking period. 

9. The device of claim 8 Wherein the timing pulses have 
pulse positions that vary in accordance With a receiver tirne 
offset code, the receiver tirne offset code corresponding to a 
transmitter tirne offset code that varies the time positions of 
the RF pulses. 

10. A device for converting Wideband radio signals into 
baseband signals, the Wideband radio signals cornprising 
rnultiple RF pulses having an RF pulse period, the device 
comprising: 

a. a Wideband RF input adapted to receive the radio 
signals; 

b. a timing input operable to receive prirnary tirning 
pulses; 

c. a pulse generator electrically connected to the timing 
input and operable to generate sarnpling pulses at a 
pulse generator output in response to the primary 
tirning pulses received at the timing input, 

d. a converter circuit having a signal input operably 
connected to the RF input, and a timing pulse input 
operably connected to the pulse generator output, the 
converter circuit including a signal integrator that is 
responsive to the sampling pulses and that integrates 
the RF pulses to provide a converter output signal 
across positive and negative converter output terrni 
nals; and 

e. the signal integrator comprising a capacitor having ?rst 
and second capacitor terrninals electrically connected 
across the converter output terminals, and Wherein the 
radio signals are provided to the signal integrator as a 
differential signal applied across the ?rst and second 
capacitor terminals. 

11. The device of claim 10, the signal integrator further 
comprising a ?rst resistive load electrically coupled to the 
?rst capacitor terminal and a second resistive load electri 
cally coupled to the second capacitor terminal. 

12. The device of claim 11 Wherein the differential signal 
is generated by a primary current source operable to charge 
and discharge the capacitor through the ?rst and second 
resistive loads in response to reception of the rnonocycle 
pulses and in response to the sampling pulses, and the signal 
integrator further comprises a current equaliZer operable to 
equaliZe average current ?oW through the ?rst and second 
resistive loads. 

13. The device of claim 12 Wherein the signal integrator 
further comprises a ?rst diode connected in series betWeen 
the ?rst resistive load and the ?rst capacitor terminal and a 
second diode connected in series betWeen the second resis 
tive load and the second capacitor terminal. 

14. The device of claim 13 Wherein the ?rst and second 
diodes are Schottky diodes. 

15. The device of claim 12 further comprising a ?rst 
auxiliary current source electrically connected to the ?rst 
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capacitor terminal and a second auxiliary current source 
electrically connected to the second capacitor terminal. 

16. The device of claim 15 Wherein the primary current 
source includes current steering logic operable to steer load 
current through the load resistors such that the load current 
passes continuously through the ?rst and load resistors but 
passes through the ?rst and second diodes only When a 
sampling pulse is applied to the signal integrator. 

17. The device of claim 10, the sampling pulses having a 
pulse Width that is less than the RF pulse period. 

18. The device of claim 10 Wherein each primary timing 
pulse has a knoWn pulse Width that eXceeds the RF pulse 
period. 

19. The device of claim 10 further comprising: 
a. a track and hold control circuit electrically connected to 

the timing input and responsive to the primary timing 
pulses to generate track and hold timing pulses, the 
track and hold timing pulses having a pulse Width that 
is greater than the Width of the sampling pulses and 
shorter than the Width of the primary timing pulses, the 
Width of the track and hold timing pulses de?ning a 
tracking period; and 

b. a track and hold circuit operably connected to the track 
and hold control circuit and to the converter output 
terminals, the track and hold circuit responsive to the 
track and hold timing pulses and to a value of the 
converter output signal, the track and hold circuit 
operable to track the value of the converter output 
signal during the tracking period and hold at a device 
output a device output signal that is at least a portion of 
the value of the converter output signal for a hold 
period that eXceeds the tracking period. 

20. The device of claim 19 Wherein the primary timing 
pulses have pulse positions that vary in accordance With a 
receiver time offset code, the receiver time offset code 
corresponding to a transmitter time offset code that varies 
the time positions of the RF pulses. 

21. A method of converting RF impulses into a baseband 
signal in a Wideband impulse radio receiver comprising the 
steps of: 

a. generating a sampling pulse to de?ne a sampling period 
and a non-sampling period; 

b. applying the RF impulses across an integrating capaci 
tor in a signal integrator circuit to provide an output 
voltage; and 

c. isolating the integrating capacitor from the rest of the 
integrator circuit during the non-sampling period. 

22. The method of claim 21 Wherein the RF impulses are 
applied across the integrating capacitor as a differential 
signal. 

23. The method of claim 22 Wherein the step of isolating 
the integrating capacitor is performed by sWitching a pair of 
diodes connected to the integrating capacitor from a loW 
impedance state to a high impedance state in response to the 
sampling pulses. 

24. The method of claim 23 further comprising the step of 
determining the baseband signal as a function of an output 
voltage generated by load currents through ?rst and second 
resistive loads connected to the integrating capacitor. 

25. The method of claim 24 further comprising the step of 
equaliZing the load currents in the ?rst and second resistive 
loads. 

26. The method of claim 21 further comprising the steps 
of tracking the output voltage for a tracking period and 
holding the output voltage for a hold period to provide the 
baseband signal. 
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27. A device for converting RF impulses into a baseband 

signal comprising: 
a. timing generator means for generating sampling pulses 

in response to a primary timing signal, the sampling 
pulses de?ning sampling and non-sampling periods; 

b. integrator means operably connected to the timing 
generator means and to a device RF input to integrate 
RF pulses present at the RF input during the sampling 
periods to provide an integrator output signal; 

c. track and hold means to track and hold the integrator 
output signal for a track and hold period that exceeds 
the sampling period to provide the baseband signal, the 
track and hold means having an input operably con 
nected to the integrator means; and 

d. Wherein the RF pulses are provided to the integrator 
means as differential signals. 

28. The device of claim 27 Wherein the sampling pulses 
are provided to the integrator means as differential signals. 

29. The device of claim 27 Wherein the integrator means 
comprises a capacitor having ?rst and second capacitor 
terminals coupled to corresponding ?rst and second load 
means and Wherein the integrator output signal is generated 
by ?rst and second load currents passing through the ?rst 
and second load means. 

30. The device of claim 29 further comprising isolation 
means for electrically isolating the capacitor from the ?rst 
and second load means during the non-sampling periods. 

31. The device of claim 30 Wherein the isolation means 
comprises a ?rst diode coupling the ?rst capacitor terminal 
to the ?rst load means and a second diode coupling the 
second capacitor terminal to the second load means. 

32. The device of claim 31 Wherein the isolation means 
further comprises sWitching means for sWitching the ?rst 
and second diodes betWeen a loW impedance state and a high 
impedance state. 

33. The device of claim 32 Wherein the sWitching means 
comprises a ?rst current assist circuit electrically connected 
across the ?rst diode and a second current assist circuit 
electrically connected across the second diode, the ?rst and 
second current assist circuits responsive to the sampling 
pulses. 

34. The device of claim 29 further comprising current 
equaliZer means for automatically equalizing the ?rst and 
second load currents. 

35. The device of claim 29 Wherein the ?rst load means 
includes a ?rst load resistor connected betWeen a supply 
voltage and the ?rst capacitor terminal and the second load 
means includes a second load resistor connected betWeen the 
supply voltage and the second capacitor terminal. 

36. The device of claim 35 further comprising current 
steering logic means coupled to the ?rst and second load 
resistors for maintaining a continuous How of load current 
through the ?rst and second load resistors during the sam 
pling and non-sampling periods. 

37. The device of claim 36 Wherein the current steering 
logic means includes a constant bias circuit. 

38. The device of claim 36 further comprising means to 
reset the integrator output signal. 

39. A method of integrating a pulse signal in a Wideband 
impulse radio to provide an integrator output signal com 
prising the steps of: 

a. using the pulse signal to charge an integrator capacitor; 
b. isolating the integrator capacitor by sWitching diodes in 

circuit With the integrator capacitor from a loW imped 
ance state to a high impedance state; and 

c. measuring the charge in the integrator capacitor to 
obtain the integrator output signal. 
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40. The method of claim 39 further comprising the step of and equalizing load current ?owing through the ?rst and 
tracking and holding the integrator output signal at the end second resistive loads. 
of the pulse signal for a track and hold period. 43. The method of claim 42 further comprising the step of 

41. The method of claim 40 further comprising the step of maintaining minimum, non-Zero load currents through the 
resetting the charge in the integrator capacitor. 5 ?rst and second resistive loads. 

42. The method of claim 39 further comprising loading 
the integrator capacitor With ?rst and second resistive loads * * * * * 


